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Humanized C-erbB-2 specific antibodies 



Held of the Invention 

The present invention related to the field of molecular biology in general, 
and the field of chimeric immunoglobulins in particular. 



The present invention relates to altered immunoglobulin molecules in which 
at least part of the complementarity determining regions in the light or heavy chain 
variable domains have been replaced by analogous complementarity determining 
region(s) from a murine antibody specific for c-erbB-2. 

The c-erb-2 (HER-2) oncogene may be expressed in human breast 
carcinoma cells but is either not expressed, or expressed at much lower levels, in 
non-cancerous cells. It is thus of interest to provide antibodies specific for the erb 
encoded protein. Antibodies specific for this protein may be used to assay for the 
presence of cells expressing the etb encoded protein, or may be applied to patients 
so as to specifically bind to carcinoma cells either for diagnostic, imaging or 
therapeutic purposes. 

It is of interest to produce monoclonal antibodies specific for antigens that 
are expressed in much higher amounts in tumors, such as erb. Monoclonal 
anribodies have numerous advantages over polyclonal antibody preparations to the 
same antigen. These advantages include higher specificity and the ability to 
reproducibly generate large quantities of the antibody of interest. Since most 
monoclonal antibodies are of murine or non-human origin, their administration 
into human patients is a significant problem. Introduction of non-human 
antibodies into human patients may have a variety of adverse effects. Such 
adverse effects include the development of an antibody response directed to many 
portions of the administered monoclonal antibody, such as HAMA (human anti- 
mouse antibody). Additionally, the antibody may fail to interact with other 
portions of the human immune system, e.g., a murine antibody Fc region may not 
• b human Fc receptors, thus resulting in the absence of the desired 
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complement. Attempts to produce human monoclonal antibod.es specific for 
aniens of mterest have proven to be difficult for several reasons, including the 
kck of good fusion partners for human cells, ethical problems associated with 
mmiutnzing human patients to obtain lymphocytes, as well as difficulty in 
oblainmghun^Iynpl 1 ocv fedonors . Be^seof me duties associated with 
obtahm^lnimanaiitiboa^ 



provide for "hinnanked" murine antibody specific for the antigen Le an 
antibody that contains primarily human amino acid sequences and some of the 
vanable region sequence of a conventional murine antibody specific for the desired 



d antibodies (or more generally, humanized immunoglobulins) 
have at least thre. pc^tial advantages over ^ antib<x^ for use in human 
therapy. 

Because the constant regionportion is hnnm, a Inm^ anfflxxly may 
better with other pans of the human immune system (e.g., destroy the 
cytotoxicity or antibody- 



dependent cellular 



cytotoxicity). 

Tbe. toman immune system should not recognize the fa 
i itnmunoglobuliri as foreign, and therefore the it 

respoi^agamstanimected^ 
^monc^tobnlm 



thus allowing smaller and less frequent 
30 with 

30 wrf.adrjninsterii.gnon^nmm 



^^ anQ °oa^totani 1 aiisbymodr^ 
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***** derived „om human Mjfcfe SctotJ ^ ^ 

appncauo* fcbse aaibodies mKtais fcr ^ prodM . oi] 

-oo.M^.I.NA.^togy. See forex^fe, Europe p^App,,^ 
EPA-O-239-400, luxombinant Antibodies and Methods for Tbeir Productioo' PCT 

Paten, Apptoto EPA 0-338-745, Mahod for Fencing .to™,,,.™ DNA 
totems; ^ Buropsu, Afpfad011 ^ M3MM 

a^Ag^HunmCardtt,:*^ T>pica»y, murine 

uionocional antibodies are raised against an antigen of interest, the 
^-^g^enaxung^ 
■he hybndoma genome, seouetKed, and vmSc*, 
■on-human region sentences with human co^nn. region sequences 

-chimeric" amibodies comata murine variable regions and human oonsunn 



■ A^oto.e.g., Winter in EPA-O-23W0O, have replaced hmna. 

"Wemriabfc seqne«« with mm™ hwervariafc* seq^nce specific , OT an 
of inte.es, „ „, „„„„ 

-«* fora. anfcen, such teachings provide no cxpecotion of success for 
^fc^hmnanizedantibc^order^ 
^oranyotogi^amigen. ABigen combining site, tavecempta J. 
A"^*^.-* are* pandect 

^^^^ofinmnmc^W^ The genera, arrf 

^andCo-PubBsners. Thus cha^mg several amino acms .Man the ' 
v^tereg im of m imn mK ^^ Mtet ^ Btoem 

of thevanable region. ^ ; 
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Summary of Invention 



The subject invention provides for hnmaiii»pH immunoglobulin molecules 
(and derivatives thereof) specific for c-erbB-2. Nucleic acid sequences encoding 
these immunoglobulins, and cells for the expression of the humanized 
5 immunoglobulins ate also provided for. 

Hie subject invention also provides for methods of using the humanized 
immunoglobulins to diagnose and treat cancer. Cells for the production of 
humanized c-erb-2 mmunoglohulinsand fa vitro synthesis methods for these 
immunoglobulins are also taught. 



Description of Figures 
Figure 1 provides the nucleotide sequence (total 1554 base pairs) encoding 
a humanized anti-erbB2 specific Fab fragment (SEQ ID:No. 1) derived from the 



abbreviated CDR] of murine anti-c-erbB-2 monoclonal antibody 520C9. The 
15 humanized light and heavy chains of the Fab fragment have been modified to 

contain an F^cotiphoA leader sequence. A plasmid comprising the nucleotide 

sequence of Figure 1 is pLWI87. The E. ppli strain amtaining pLWI87 is 

referred to as TLW170-1 in this application. 

The sequence of Figure 1 (SEQ ID:No. 1) may be divided into the 
20 following subsequences: 




l-I43bpphoA promoter and leader; 



l44-779bp Humanized Heavy Chain; 



144-235 FR1 (human parent TSYC 1147-28); 
234-248 CDR1 (mouse 520C9); 



25 



249-290 FR2 (human parent TSYC 1147-28); 
291-342 CDR2 (mouse 520C9); 



343-437 FR3 (human parent TSYC 1147-28); 
438-455 CDR3 (mouse 520C9); 



30 



456-488 FR4 (human parent TSYC 1147-28); 
489-779 Human Heavy Chain Constant Region. 
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780-821KT3 tag; 
822-893bppboA leader, 
894-1538bp Humanized light Chain; 

894-966 FR1 (human parent TSYC 1150-38); 

967-998 CDR1 (mouse 520C9); 

999-1043 FR2 (human parent TSYC 1150-38); 

1044-1064 CDR2 (mouse 520C9); 

1065-1 160 FR3 (human parent TSYC 1 150-38); 

1161-1187 CDR3 (mouse 520C9); 

1188-1220 FR4 (human parent TSYC 1150-38); 

1221-1538 Human Light Chain Constant Region; 

1539-1554 XhoI/BamHI Cloning Sites; 

Figure 2 represents a general scheme for humanizing murine monoclonal 
antibodies by overlapping PCR. 

Figure 3 represents the scheme and PGR primers used to produce a 
humanized heavy chain irnmunoglobulin. 

Figure 4 represents the scheme and PCR primers used to produce a 
humanized light chain immunoglobulin. 

Rgure 5 represents the scheme used to introduce a phoA leader sequence 
and promoter sequence in front of a humanized immunoglobulin. 

Figure 6 represents the scheme used to correct an wmnendonal sequence 
error made during the production of a humanized light chain derived 
inimunoglobulin made according the scheme described in Figure 4. 

Eight primers and four templates are used in three round of overlapping 
PCR. LW01 is the primer specifically designed for amplifying the 5* end of the 
phoA sequence. I.W16 and LW17 is a set of ctrairiJemenlary juncr^ 
whit* sft at the eod of tte ptoA le^ 
inFRl. Tte template pSYCH^^ 

primers LW01 and LW17, will yield a fragment (1) corflaimng a 5' Hindm she 
aiida3'endrx!armgseqjieiicefo CLC27 is a primer 
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which anneals to the end of ER2 and part of CDR2. PGR using LWI6 and 
CLC27, with the template "08-11- will result in a product (II) containing correct 
FR1, CDR1, ER2 and CDR2. Ctmnilementanty of LW16 and LW17 allow 
annealiiig of fragments land II in a second round ofPCR, producing fragment 
(V). 

CLC26 is a primer which contains CDR1 and partial FR2 sequence but 
does not reach amino acid #43. CLC29 is complementary to CLC30 and anneals 
toM4aswenastBebegiiinmgofthehuman pcr 
with OC26 and CLC29, using template "38-18" yields a product (III) containing 
conect CDRI, incorrect FR-2 containing alanine at amino add #43, and correct 
CDR2, PR3, CDR3, and FR4. Since "38-18" has an incorrect constant region, 
"38-17" is used as template for primer CLC30 and LW20. This fourth PCR 
product ((V) contains correct CDR3, FR4, and human Hght chain constant region. 
Complementarity of CLC29 and CLC30 at CDR3 allow fragments III and IV to 
anneal for the second round of overlap PGR, producing fragment VI. 

PCR fragments V and VI are complementary at framework 2 except at 
amino acid residue #43, where in fragment V the residue is flneonine (ACQ and 
where in fragment VI, the residue is alanine (GCC). Annealing of these two 
fragments during the final round of PCR will yield products which due to the 
differing nature of its templates, will bear amino acid alanine or tiieorrine at 
residue 43. 

Description of Specific FmhrYttrqentt 

A. 



An irnrrmnoglobuKn molecule may be divided into several regions. An 
rmmvmoglorralin molecule may .comprise one or more polypeptide chains, Le, a 
mulfrpolypeptide immuiioglotann. IgG, for example, consists of 2 heavy (H) 
chains and 2 light (L) chains. An immrmoglobulin chain tvrBcally corrrprises 
variable regfoiis and caism 

region and one constant region, each corsrantiegiOThasacfif^^ 

the (L) chain has one variable and one constant region. The constant region of an 

H chain can be further subdivided into 3 dornairis, each of winch forms a separate 
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compact tightly folded 3 dimensional unit. The L and H variable regions are 
siinilariy folded into separate compact units. The variable region of an 
immunoglobulin chain (H and L) may be further divided into three hypervariable 
regions (also called complementarity cletennining regions, abbreviated CDR) and 
5 four framework regions (abbreviated FR). The framework regions separate the 
hypervariable regions from each other in the linear amino acid sequence. 
Compared to the hypervariable or CDR regions, the framework regions comprise 
amino acids that do not vary as much between immunoglobulins produced by the 
same organism and are reasonably fixed in 3-dimensional space. Framework 
> region amino acids sequences may exhibit more variation within an organism than 
constant region amino acid sequences. Hypervariable regions, on the other hand, 
vary to a much greater extent between individual immunoglobulin molecules 
produced by the same organism, and are less well fixed in 3-dimensional space. 
The hypervariable regions are believed to form a major part of the antigen binding 
site of an antibody. The framework regions of the immunoglcfculins are believed 
to form two opposing beta-pleated sheets, which are the basic structural element of 
ttedomam. These stramls of tte sheet are connected by loops of polypeptide 
chain which are thought to contain the hypervariable region, of the variable region 
of an immunoglobulin. Interactions between certain framework and CDR residues 
may influence the folding of the protein, particularly the hypervariable loops, and 
affect the abmty erf tte antigen bindmgste 

Constant regions of an iinmunoglobulin are located distal or C-terniinal to 
the variable region. Constam legions may beof a liglrt cr^ dass iadwling 
kajjpaaiid lambda cham constat 

may be of a heavy chain class ircluding the heavy chain constant regions of ^gG, 
IgM, IgA, IgD, and IgE antibodies (and the various subclasses thereof). 

"Operably joined" refers to a juxtaposition such that normal function of the 
comport can be performed. Thus, a coding sequence "operably joined' to 
expression control sequences refers to a configuration wherein the coding 
sequences can be expressed under the control of these sequences. Such control 
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as in the case where a polycistronic transcript is expressed from a single promoter. 
"Control sequence" and "expression control sequence" refer to a DNA 

sequence or sequences necessary for the expression or regulation (transcriptional 

or translational) of an operably joined coding sequence in a particular host 
5 organism. The control sequences, that are suitable for procaryotes, for example, 

include a promoter, optionally an operator sequence, a ribosome binding site, a 

transcription terminator, and possible other as yet poorly understood sequences. 

Eucaryotic cells are known to utilize control sequences, which include promoters, 

polyadenylation signals, enhancers, silencers, and the like. 
10 The term "functional pair" when used with reference to variable regions 

(humanized or otherwise) intends a set of 2 variable regions (one derived from the 

L chain and one from the H chain) that form an antigen combining site in an 

antibody. Functional pairs of variable regions specific for an antigen of interest 

may be found in the variable region from the heavy chain and the variable region 
15 from the light chain of an antibody specific for the antigen of interest. Examples 

of functional pairs of variable regions include the polypeptides encoded by 

nucleotides 144-488 and nucleotides 894-1220 of Figure 1 (SEQ ID:N01). 
The term "functional proximity" when used with reference to variable 

regions (humanized or otherwise) intends that the functional pair of Land H 
20 variable regions be spatially located with respect to each other so as to form an 

antigen combining site. 

Hie terms "heavy chain-derived" and "light chain-derived" when applied 

to immunogfobulins of the subject invention indicate that the: variable region 

hyrjervariable sequences m the srje^ 
25 heavy chain or the light cliaiit, respectively, of 

hypervariable sequences of interest were originally discovered. 

The term "humanized" as applied to irrurmnoglobulins intends that at least a 

portion of the framework regions of an irrwiuiroglobulirt are derived from human 

immunoglobulin sequences. 
30 Wlra sequences are said to be "hmiian% an 

sequence, m additfon to the sequ 
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Moreover, the subject invention contemplates that minor amino acid sequence 
changes, including substitutions, deletions, and insertions, typically in the range of 
about 1 to 5 amino acids, may be made to humanized immunoglobulins specific 
for c-erbB-2 without significantly altering the binding specificity of the 
immunoglobulin. 

When a functional pair of variable regions are "specific" for a given 
antigen (or hapten), the antigen combining site formed by the functional pair is 
capable of binding to the antigen (or hapten) of interest more strongly than to 
randomly selected molecules. 



10 B. 

The subject invention provides for immunoglobulin molecules with variable 
regions comprising the hypervariable regions of the anti-c-erbB-2 specific 
antibodies (in particular the murine monoclonal antibody 520C9), human 
framework regions, and human constant region sequences. In addition to 

15 providing for humanized c-erbB-2-specific immunoglobulin molecules, the subject 
invention also includes nucleic acid sequences encoding the humanized 
immunoglobulins, as well as cell host systems for the expression of humanized 
immunoglobulins . 

Humanized immunoglobulins specific for antigens of interest may be 

20 obtained by preparing non-human, preferably murine, monoclonal antibodies 
against an antigen of interest, determining the amino acid sequence of the non- 
human antibody, preferably by isolating (by any of a variety of well known gene 
isolation techniques, including PGR) and sequencing cDNA sequences encoding 
the chains of the non-human monoclonal antibody of interest The amino acid 

25 sequence of the hypervariable regions of the non-human monoclonal antibody may 
then be compared with canonical fianwwork iegc* seqiieara aiid 
region amino acid sequences of human inmiunogtobulin variable regions so as to 
determine which amino acids must be changed to humanize the non-human 
sequence. Guidance for selecting the framework sequences and hypervariable 

30 sequences within the variable region of an immum>glc*ulin can be found in several 
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publications, including the article by Chothia, et aL Nature 342:878-879 (1989) 
and the book Antibody En gineering: A Practical Guide, Borrebaeck ed., W. H. 
Freeman and Co. publisher. By determining which sequences in the non-human 
immunoglobulin gene specific for the antigen of interest constitute framework 
5 regions and which constitute hypervariable regions, it becomes possible to 

synthesize a variety of humanized immunoglobulins having an antigen specificity 
similar to that of the non-human immunoglobulinthat serves as the information 
source for the sequence regions. 

Humanized variable regions specific for c-erbB-2 may be joined to a human 

10 constant region(s), or portions thereof. Joining of a humanized variable region to 
a constant region gives rise to a polypeptide in which the amino-terminal portion 
comprises the humanized variable region and the carboxyHennihal portion 
comprises human constant region sequence. Such constructs may be referred to as 
"hyperchimeric". Humanized light chain-derived variable regions may be 

15 operably joined to light chain constant regions so as to form functional 

immunoglobulin chains. Similarly, humanized heavy chain-derived variable 
regions may be operably joined to heavy chain constant regions so as to form 
functional immunoglobulin molecules. In a preferred embodiments of the 
invention humanized light chain-derived variable region is operably joined to 

20 human light chain constant region, and humanized heavy chain-derived variable 
region is operably joined to a human heavy chain constant regiomjs). 

In addition to providing for hniranimf immum)gl()bulins specific for c- 
erbR-2, die snbject invention also pio^ 

conespondmg nucleic acid sequences) comprising portions of c-erbB-2 specific 
25 hum a n ize d immunoglobulins, in particular the variable region portion of the 
humanized irrmiunoglobulin. Furthermore, the subject invention provides for 
various derivatives of c-crbB-2 specific irnmunogtobulin chains that comprise 
additional polypeptide sequences. These additional polypeptide sequences may 
have any of a variety of functions including, enzymes, toxins, antigenic tagging 
30 sequences, and the like. 

Many modifications and variations of hunianized variable region sequences 
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20 



within the present demonstrative nucleic acid sequence of Figure 1 (SEQ ID: NO 
1) are possible. For example, the degeneracy of the generic code allows for the 
substitution of nucleotides (which can be used or optimized in accordance with 
codon usage patterns for expression in various host cells) throughout the 
polypeptide coding regions, as well as for the substitution of the translations stop 
signal spectfcaUy exemplified. Such sequences can be deduced from the known 
amino acid or DNA sequence of the 520C9 antibody chains (and the constant 
regions or antibodies of different classes) and can be constructed by conventional 
synthetic procedures. Such synthetic methods can be carried out in substantial 
accordance with the procedures of Itakura, end., 1977 Science 198:1056, Crea, 
gLal. Proc. Na<, Acad Sri TTSA 75:5765 (1978). In addition, synthetic genes ' 
(and fragments thereof) and linkers can be synthesized either by using a Systec 
1450a DNA synthesizer (Systec, Inc., 3816 Chandler Drive, Minneapolis, 
Minnesota) or an Applied Biosystems 380a DNA synthesizer (Applied Bfosystems, 
Inc. 850 Lincoln Center Drive, Foster City, California 94404). Many other DNA 
synthesizing mstiuments are known in the art and can be used to mate synthetic 
DNA fragments. Therefore, the present invention is no way limited to the DNA 



A preferred method of synthesizing nucleic acid sequences raiding 
humanized immunoglobulins is by means of overlapping PGR. The technique of 
overlapping PCR is described in the article by Horton, e{ aj, Ceng 77:61-68 
(1989)^ in U.S. Patent No. 5,023,171. Tte tecfrnque of overlap^ PCR may 
be used to produce a tarinain^ im^ 

on cDNA sequence from a human irnmunoglobulm gene with the appropriate 
oligonucleotide primers. 

In brief, the technique of PCR splicing by overlap extension is as follows. 
PCR oligonucleotide primer pairs are prepared. Each oKgonucleotJoe primer 
comprises essentially two regions, a 5' region contammg either sequences 
encoding a restriction endonuclease recognition ^ or a of 
complementarity determining region (CDR) from a noihhuman immmioglbbuiin 
gene of interest, and a 3 • region complementary to a framework region adjacent to 
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the complementarity determining region to which the 5' portion of the primer is 
cornplementary. Sets of such PCR primers are prepared for each framework 
region of the human immunoglobulin gene that will furnish the human sequences 
for humanizing the non-human immunoglobulin gene of interest. The primers are 
5 constmcted so that 5' and 3' regions that code within the same CDR region are 
overlapping. An advantage of using overlapping PCR to synthesize a nucleic acid 
sequence encoding a humanized non-human immunoglobulin sequence is in the 
minimi/ano n of restriction digest/ligation reactions and oligonucleotide synthesis 
reactions. The 5" CDR complementary regions of the PCR primers are 

10 complementary to the CDR complementary regions of PCR primers that have 3' 
regions complementary to adjacent framework regions. As indicated in Figure 2. 
repeated rounds of PCR give rise to a nucleic acid sequence comprising the parent 
human immunoglobulin sequence in all regions except for the complementarity 
determining regions, these regions being derived from the complementary 

15 determining regions of non-human immunoglobulin genes synthesizing an 

imniunoglobulin specific for the antigen of interest. However, small portions of 
murine framework sequence (particularly the canonical residues described by 
Cbothia, et al.) may be required in order to generate an active antigen combining 
site. 

20 ^hMnan^iinmunoglobHli^ 

preferably utilized in the form of mulfrpolypeptide irnmnnoglobulins amiprising at 
least one hum a ni m! immunoglobulin variable region functional pair. IntniiM- 
pohypeptioletoinanized ^ 

pairs, the variable regions of the functional pair are pteferar^ 
25 (the pair members are in functional proximity to each other) so as to form an 

antigen amibimng site in which the antigen tending site is, at least in part, formed 
by the hypervariable regions of both the light chain-derived and heavy chain- 
derived hypervariable regions of 520C9 or other o«rbB-2 specific antibodies. 
However, the H chain variable region often contributes more that the L chain 
30 variable region in the interaction with antigen. 

Single humanized irmmmoglobjiEB chams nay be joined to each oth» so as 
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to form multi-polypqmde immunoglobulins by a variety of means. Such joining 
means include both ionic interactions and covalent bonds. The means of joining 
individual immunoglobulin chains so as to fonn a muhi-polypeptide 
immunoglobulin are preferably, although not necessarily, by means of covalent 
linkage. The preferred means of covalent linkage is by means of disulfide bridges 
between cysteine residues located within the humanized immunoglobulin chains of 
interest; however, covalent linkage may also be effected through the use of cross- 
linking reagents such as dunethyl-3,3'dtluobB^ N-(4-aadqphenyl) 
phthabmide, and the Eke. Humanized immunoglobulin chains may be joined so as 
to produce multirrxriypeptide nnmunogtooulins molecules structurally analogous to 
antibodies or fragments thereof, including Fab fragments, Fab' fragments, F(ab')j 
fragments, Fabc fragments, Fd fragments, Fr fragments, Fv fragments, single 
chain Fv fragments, and the like. The available literature provides for methods 
for producing antibodies and fragments thereof from polypeptides synthesized by 
recombinant DNA and in vitro synthesis techniques. 

The humanized immunoglobulins of the subject invention may be 
conjugated to a variety of therapeutic moieties. By therapeutic moieties it is 
intended a variety of compounds or atoms that find use in the treatment or 
detection of disease conditions. Compounds that find use in treating disease 
conditions include toxins (or active portions thereof) such as diphtheria toxin, 
ricin, or Pseudpmonas, exotoxin, enzymes, conventional drugs and prodrugs. In 
general, the humanized immimoglobiilins of the subject invention may be 
derivatized by known method for conjugating therapeutic moieties to antibodies so 
as to produce higMysrxxi^ Other therapeutic moieties 

of interest for conjugation to the humanized immtmoglobulins of the subject 
invention include radicKopaque imaging agents. Therapeutic moieties also include 
radionuclides for use in imaging or in irradiating tissue, such as *Y, ,M Re lw Re 
n Cu, m M, aj Pb, u% mi, ^ ^ ^ 

Humanized immuDoglobulin sequences may be modified by the addition of 
a variety of a secretion signal sequences preferable joined to the amino terminus of 
the humanized immunoglobulin polypeptide. Secretion signal sequences (also 
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referred to as "signal sequences") serve to provide a signal to the secretion 
"machinery" of a cell to export polypeptides bearing such a sequence. The use of 
signal sequences to direct the cellular- localization and/or export of polypeptides 
not naturally joined to the signal sequence, i.e., heterologous with respect to the 
signal sequence, is well known in the field of recombinant gene expression. Thus 
signal sequences may be used to simplify the process of nitrification of the subjects 
polypeptides from recombinant cell expression systems for several reasons, 
mchiding obviating the need to lyse host cells and the need to produce subcellular 
fractions enriched for the polypeptide of interest. Leader sequences typically 
comprise a charged amino acid at the N^erminus followed by a short hydrophobic 
amino acid sequences. Leader sequences may be selected on the basis of the 
cellular expression system used to synthesize the humanized iminunoglobulin 
polypeptide. Signal sequences are preferably selected so as to be removed either 
completely or substantially from the humanized iniiiraM>globiilin sequence of 
interest. The actual leader sequences employed will vary in accordance with the 
choice of cellular expression system selected. Although leader » 
known to direct the localization of proteins, in heterologous e 
i.e., host cells not iiaturally producing the protein that is the source of the signal 
sequence, it is preferable to use leader sequences from polypeptide naturally 
exinessed mfte^ularexpiessiratosL When expressing humanized 
inmimKiglobiiliiis in bacterial systems, a fhoA, Le., alkaline phosphatase, signal 
sequence is preferably used for expression in g^ Oto 
^sequences of mtei« For 
expression in mammalian cells, the use of an immumgtobtilin leader sequence is 
pnrfened. For expression in yeast cells, an alpha factorleader sequence, among 
others, may be used as a signal sequence. 

The himiamzed immunoglobulins of the subject invention may or may not 
contain "tag" anrino acid sequences. Such "tag- sequences are short amino acid 
sequence, normally no more than 20 amino acids m length, preferable less ^ 
anrino acids in length. Tag sequences may be included in the atnmo acid sequence 
of the subject humanized mmunoglobulins for the purpose of purifying, detecting 
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10 



25 



(or quantifying) the polypeptides of the subject invention by use of antibodies, 
including monoclonal antibodies, (or similar reagents) capable of specifically 
binding to the tag sequence. Tag sequences without attached immunoglobulin 
amino acid sequences may be synthesized in vitro using various well-known 
techniques, including commercially available polypeptide synthesis machines. The 
in vitro synthesized tag sequences may then be injected into suitable animals so as 
to induce an immune response directed to the tag sequence. Antibodies specific 
fora tag sequence of interest may also be prepared by immunizing an animal with 
a protein having a rmmary amino acid sequence that includes the tag sequence of 
interest. Tag sequences are preferably attached at or near the COOH terminal end 
of immunoglobulin molecules. A tag sequence of particular interest is a sequence 
recognized by the KT3 monoclonal antibody. An amino acid sequence recognized 
by KT3 is TPPPEPET. Another example of a tag sequence that may be inserted 
at the carboxy terminal (or internally as well) of an immunoglobulin sequence is 
the sequence EEEEYMPME. (Grussenmeyer, et al., Proc. Natl. Acad. Sri USA 
82, 7952-54 (1982)). 

The humanized immunoglobulins of the subject invention may be expressed 
in cellular hosts after the sequences encoding the humanized immunoglobulins 
have been operably joined to expression control sequences. Nucleotide sequences 
for expression may be conveniently operably joined to expression control 
sequences by insertion «to iestriction ste Expression 
vectors may contain expression control sequences located near useful restriction 
sites, and are typically replaceable in the host organism either as extra 
chromosomal elements, such as plasmids, or as an integral part of the host 
chromosomal DNA. Expression vectors may contain selectable markers, such as 
antibiotic resistance, to permit detection of those cells transformed with the 
nucleotide sequences of interest, see for example U.S. Patent No. 4,794,362, 
winch is herein incorporated by reference. 

The polypeptides of the subject invention may be expressed in a variety of 
cefltypes. The literature available to those skilled in the art describe numerous 
cellular expression systems for polypeptides of interest and expression vectors for 
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use in those systems. See for example Methods of TWymolopy Vol. 185, 
Goeddel, Academic Press (1990). Humanized immunoglobulins may be recovered 
and purified from recombinant host cells using conventional techniques for 
recovery and purification of reomrmianfly produt^ proteiris. 

Nucleotide sequences encoding humanized immunoglobulins may be 
expressed in a variety of cells. Cells for expression may be either eukaryotic or 
prokaryotic. Prokaryotic hosts of interest include Bacillus subtilis . as well as 
other Bacilli, enterobacteriaceae, such as E. coH, as Well as various Streptomyces , 
Salmonella , Serratja, and Pseudomonas species. Among prokaryotic host cells 
species, E. coli is particularly preferred because of the great deal available 
literature dealing with expression in B. coli. 

Other microbial organisms, such as yeast, may be used for expression of 
the subject humanized immunc>globulins. Saccharomv^ asreyjsae is a preferred 
non-bacterial microbial expression host. 

Other non-mammalian eukaryotic expression host cells of interest include 
insect cells that may be used with b^cwiras expression systeins. 

In addition to the use of microbial, and invertebrate mammal^ 
grown in tissue culture may also be used to produce the polypeptides of the 
present invention. The polypeptides of the present invention may be expressed in 
any mammalian cell system that may be used to express innrnmoglrfmlin 
polypeptides. Bikaryotfccefc areijrefi^ 

subject polypeptides as opposed to nmHrammalian cells, because of the numerous 

advain^ associated with rua^^ 

suitable signal-sequence process^, gtyco^^ 

production of functional full-length immunoglobulins. Manunahan cells for use as 
exr«ession tests, mdn^ 

SP2/0 and the like. ' 

Host cells for the expression of the polype^ of the present in^ 
may be genetically manipulated so as to p 
innnmrogtotelm When two farnamzed immiitogtobuta 
the saine ceD line, it is of intmst to pr^ 
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a humanized variable region that comprising one member of the functional pair of 
variable regions specific for c-erbB-2 and a second immunoglobulin chain 
comprising the other member of the same functional pair of variable regions for c- 
erbB-2. Thus, by producing cells genetically manipulated so as to express two 
5 such humanized immunoglobulins chains, multi-polypeptide immunoglobulins 
comprising a functional c-erbB-2 antigen binding site may be produced either m 
vivo , or in the supematants of cell cultures. 

In addition to the production of humanized immunoglobulins by 
recombinant methods, automated equipment for the direct synthesis of polypeptides 

10 disclosed herein is commercially available. Such equipment provides access to 
peptides of the invention, either by direct synthesis or by synthesis of a series of 
fragments that can be coupled using other known techniques. 

The humanized immunoglobulins of the subject invention and 
pharmaceutical compositions thereof are particularly useful for parenteral 

15 administration, e.g., subcutaneously iritramuscularly or intravenously. The 

amroosmons for parenteral administration will typically comprise a solution of the 
humanized immunoglobulin dissolved in a physiologically acceptable carrier, 
preferably an aqueous carrier. A variety of aqueous carriers can be used, e.g., 
water, buffered water, physiological saline, 0.3% glycine, and the like. Solutions 

20 for parenteral administration are preferably sterile and generally free of particulate 
matter. Compositions for parenteral adrninistrarion may be lyophilized for 
convenient storage and rehydraled prior to use. These conjposrtions for parenteral 
ad mrnistr ation may be stmli w d by conventional stprilfrarinp tpohr^^ jh e 
compositions may contain pbarnarartically acceptable auxiliary snh^nrre as 

25 required to approximate physiological conditions such as pH adjusting and 
buffering agents, toxicity adjusting agents and the like, for example sodium 
acetate, sodium chloride, potassium chloride, calcium chloride, sodium lactate and 
the like. The concentration of humanized immunoglobulin in these formulations 
can vary widely, i.e., from less than about 0.5%, but usually at or at least about 

30 1 % to as much as 15% or 20% by weight and may be selected primarily based on 
fluid volumes, viscosities.etc., in accordance with the particular mode of 
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administration selected. 

The invention having been described, the following examples are offered 
to illustrate the subject invention by way of fllnstrarion, not by way of limitation. 



Overview of Production of N ucleic Acid Sequences Encoding 
Humanized Tmnnmnglobulins 

In overlap extension, PCR is performed with primers that have 
complementary 5* ends so that products from a first round of reactions can be 
mixed, melted, and reannealed to provide a template for the synthesis of longer 
extension products in a second round reaction. To humanize the murine antibody 
of interest, primers were designed whose 3' ends anneal to human frameworks, 
and whose 5' ends either contain cloning sites, or encode murine 520C9 CDR's. 
A general scheme for hurnanizing an antibody is shown in Figure 2. The first 
round of PCR utilizes DNA template from the selected human parent TSYC 1147- 
28 or TYSC 1150-38 and results in four mdrvidual fragments, each coinaining 
either human FRI, human FB2, human FR3 or human FR4, flanked by domng 
sites and/or CDR's. The FR4 fragment is large because it also contains the first 
C m domain of the human constant region. The next round of PCR involves 
aimealing CDR1 anus on first round products "A" and "B\ and results in a longer 
fragment. "E\ which consists of, in the 5' to 3' direction: a cloning site, human 
FRI, mouse CDR1, humanR2, and a primer generated CDR2 arm. The other 
round two reaction anneals mouse CDR3 arms on first round products "C* and 
D\ and produces a fragment containing human FR3, FR4 and constant regions. 
This second round product, TP", is flanked at its 5' end by mouse CDR2, and on 
the 3' end by another cloning site. The final round of PCR anneals the 
complementary CDR2 ends in fragments *£• and "F" and creates the complete 
humanized "G" ftagmp nt] 

The "G" fragment is placed into an expression vector. Heavy and light 
chain -G" fragments undergo separate restriction digests for ligation into their own 
pUC vectors and are txansfbnned into & ^ host DG101. Transf ormants are 
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screened for the presence of insert, and DNA from several potential candidates is 
sequenced. Clones with the correct sequence undergo another round of PGR with 
primers designed for incorporation of a phoA promoter/leader sequence in front of 
the antibody coding sequence (See Figure 5). The PGR product containing pre- 
antibody sequence is digested and cloned into a pBR322 based vector and 
transformed into E. co]i host MM294. Transformants are screened, and potential 
candidates are identified and sequenced. Clones bearing the correct sequence of 
each chain are induced for expression on the putative humanized immunoglobulin 
and checked for expression by Western analysis. The final construct to produce a 
humanized Fab fragment is made by combining the light chain coding sequence 
with the heavy chain coding sequence. This last process involves a PCR step and 
a restriction/ligation step. 



15 



Selection of Human Pa rent Framework 
Human frameworks, or "parents", were chosen by a "TFASTA* computer 
alignment which generated the ten best fits with human immunoglobulin sequences 
in the searched database. The selection was based on overall similarity of amino 
acid residues between the human and the original mouse 520C9 sequence. The 
human sequence database was produced by cloning approximately 100 heavy and 
20 light chains of immunoglobulin genes from EBV transformed human cells, and 
subsequently sequencing the cloned genes. In addition, both L and H chain 
variable regions were sequenced from cDNA copied from human peripheral blood 
cells using primers that were designed for PCR amplification of the V rebvions 
into the adjacent constant domain these sequences and compared with the mouse 
25 variable regions mat were to be hyperchmierized. 

The chosen human framework must not interfere with the presentation of 
the mouse CDRs to the target antigen. Chothia, et al. Nature 342:877-883 (1989) 
hypothesized that a small lepertoire of -canonical* conformations of hypervariable 
regions exist and the structure of a given CDR is strongly iirfjuenced by a few 
30 amino acid residues at key positions. Such canonical residues are found in CDR 
and FR regions. The human frameworks selected for each chain have canonical 
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residues similar to that of the mouse antibody. 

According to the theory of Chothia, et al. , the heavy chain canonical 
residues of special importance are amino aeids #26, 27, 29, 34, 55, and 94. In 
the mouse 520C9 heavy chain, these residues are, in order, Gly, Tyr, Phe, Met, 
5 Gly, and Arg. In the best fitting human heavy chain parent, TSYC1147-28, all 
canonical residues match except #34, which is an isoleucine instead of a 
methionine. No other human parent within the top five selected for overall 
sequence similarity matched better than TSYC1147-28. Urns, TSYC1 147-28 was 
chosen as the human heavy chain framework parent for grafting with mouse heavy 

10 chain CDR's. 

light chain canonical residues of special importance are amino acids #2, 
25, 29, 33, 48, 64, 71, 90, and #95. In the mouse 520C9 light chain, the residues 
are, in order, Bet, Ala, Be, Leu, Be, Gly, Tyr, Gin, and Pro. In the best fitting 
lightchain human parent, TSYCU50-38, eight of nine residues match. Only 

15 residue number 71, where plieiiylalaiiiiie replaces tyrosme, The 
second best fitting light chain human patent, TSYC1150^08, matches at only six of 
the nine canonical residues. Amino acid #29 is leucine instead of isoleucine; #71 
is phenylalanine instead to tyrosine; and #95 is phenylalariiiie mstead of proline. 
Two human light chain frameworks, TSYC115D-38, and -08, were chosen for 

20 grafting of mouse light chain CDR's. Hinnanizarion of light chain has been 
completed with only TSYC1150-38 as parent. 

Design of Primers for Framework Grafting Overiappin P pcr 
The expected sequences for heavy and lirirt chain, fawn hnm^rinn »f 
25 mouse 520C9 CDR's with human parent frameworks, is given in figure 1. Eight 
primers for each chain were designed based on die scheme preseir^ m figure 4. 
Each primer contains two regions, one bearing seo^ieiice which am^ to human 
framework and the other ete 

which encodes for a mouse CDR. Half of tfaeprimers are upstream aocatedatthe 
30 5* end of the reaction) primers and the other half, downstream located at the 3' 
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end of the reaction) primers. Each PCR reaction requires one upstream (front) 
and one downstream (back) primer. A short explanation of each primer follows 
(The abbreviations HC and LC refer to heavy chain and light chain, respectively): 
CLC17(HG) or CLC24(LC):(upstream) 
1 5' end contains cloning sites XboI(HC) or SacI(LQ; 

3' end anneals to FR1. 

CLC18(HQ or CLC25(LQ: (downstream) 
3* end anneals to FR1; 
5' end encodes for CDR1. 

CLC19(HC) or CLC26(LC):upstream 
5' end encodes for CDR1. 
3' end anneals to FR2. 

CLC20(HQ or CLC27(LC):(downstream) 
3' end anneals to FR2; 
5' end encodes for CDR2. 

CLC21(HQ or CLC28(LG):(upstream) 
5' end encodes for CDR2; 
3' end anneals to FR3. 

CLC22(HC) or CLC29(LQ:(ctownstreain) 
3' end anneals to FR3* 
5' end encodes for CDR3. 

CLC23(HC) or CLC30(LC):(irpstieam) 
5' end encodes for CDR3; 

3; end anneals to FR4, for extension through human constant 

SYP12(HC) or SYC324(LC);(downstream) 

3' end anneals to the end of the HC or LC 

constant region. 
5' end contains cloning sites SpeI(HC) or XbaI(LC) 

The heavy and light chain "G" fragments were digested with restriction 
en^esm separate reari^ Ligadons 
were men transformed into LXJ101 host ftaential clones were ioentifkdby 
colr^PCRorbyiminpiepar^^ The correctly 

« — d heavy chain in pTJC was found in done TCC19-4 
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Example 4 

Design of Rimers for phoA Incorporation S» to the TTinnanir ed Heavy Chain 
Four primers, W to Z, as shown in figure 5, are needed for the overlap 
extension PCR that incorporates phoA promotor and leader sequences in front of 
immunoglobulin coding sequences. Each primer in the figure is discussed below: 
Primer W anneals to a portion of the plasnrid pSYC1087 ahead of a region 
encoding for the phoA promoter and leader sequence. The primer can be divided 
into two parts. One part anneals to pBR sequence, the plasmid backbone, and the 
other anneals to restriction sites which precede phoA sequences in pSYC 1087. 
W: (HCorLC) 

LWOl: 5*-GGGG ATCGAT AAGCTT GGG CTGCAG GTCGAC 
PBR322 sequence Hindm Pjtl Sail 

Primers X and Y together create an in-frame junction between the end of 
theT*oAIeadwand thesequenc«enaxImg in the antibody. 

These primer sets are specific for each antibody. They are often modified to 
encode for amino acids that are missing from the human parent sequences. For 
example, immediately following, Le. 3' to, the phoA sequences, the primers for 
the humanized 520C9 heavy chain junction region encode for the first six human 
consensus amino adds found in Kabat, et ah. Sequences of p mtrins nf 
inmiunplpgical interest 4th ed, U.S. Dep. BBS (1987). It is necessary to supply 
these amino acids because the human library was created by primers which start at 
amino acid 87 of the heavy chain. 

Y: (HQ 

JJWUrS'-- — I GAG ATC CAA CTG GTG GAG | TCT GGG CCT GAG 

XMHQ GGACACTGTTTTCGG I CTCTACGTTGACCACCTC | y 

end of pioA leader I* rix eonseian, fannan start of FR1 m 

HC ai from Kabat TSYC 1147.2s 

Y t (LCD 

LWI6: 5' —CCT GTG ACA AAA GCC | G AC ATC CAG ATG ACC CAG 
xfoC) GGACACTGTTITCGG f CTG TAG GTC TAC TGG GTC-5' 
end of phoA leader jtait ofFRI in TSYC 1150-38 

ma 

Primer Z is a back primer whose 3' end anneals to the final nucleotides of 
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the human heavy or light chain constant region. Its 5' end contains cloning sites: 
either Spel for heavy chain, or Xbal for light chain. 

Z: (HQ 

LW15: G TTG TTC CAC CTG TTC TTT | TGA TCA | CCC C— 5' 



Spel 



LW2& AAG TTG TCC CCT CTC ACA | ATT A ] GAG CTC CCT AGO CGG— 5' 
end of hnmnn light chain STOP Xhol BamHI 



The products were restriction digested with Hindm and Snel and were 
cloned into a pBR based vector with an ampicillin selection marker. Downstream 
from the Spel site, the vector carried the KT3 peptide sequence, NH 3 -TPPPEPEr- 
COOH, in frame with the heavy chain peptide and the B. thurinriensis crystal 
15 protein transcriptional terminator. Transformants in MM294 were screened for 
inserts, and several clones bearing insert were sequenced. LW156 contained 
correct phoA promoter and leader sequences and correctly encodes for the 
humanized "52QC9-28" heavy chain. 



t5 

phpA Incorporation Ahreirf of HnmairiTPH Light Hhai^ 
The wrong template was iaadwrteiiUy used to create to 
*G" as in the Figure 2 scheme). The mistake was not realized man sequencing 
revealed that one of the humanized light chain "G" fragments for parent 

create a .^"G-f^^ 
^modified. Ammo acid 

"520C9-38" sequence indicated that done -38-18" most resembles the desired 

sequence. It contained one error at aniim> add 43 Cm framework 

FR2), changing alanine to threonine and other errors in the constant region. 

Overlap PCR was performed (see Figure 6) to create the corr^ 
hghtciiamsea^^byu^ 

the variable and the constant region, and at the same time, to incorporate the phoA 
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junction. pSYC1087wasusedasthephoAtetnplate. "08-11 n was used as a 
template for FR1, CDR1, and FR2 because it possessed the correct amino acid, 
threonine, at position #43. "38-18" was used as the template for FR2, CDR2, 
FR3, CDR3, and FR4. Another done, "38-17" was used as template for the FR4 
and the constant region. Basting primers were used to create products which 
would anneal to each other in second and third round extensions. Primer W, 
LW01, and Hght chain junction primer Y, LW17, were used to amplify 
PSYC1087. light chain junction primer X, LW16, and CLC27 amplified "08- 
11". CLC27 was described earlier aitf aimeals toJ^ and 0>R2 regions. 
CLC26 and CLC20 amplified "38-18". CLC26 anneals to GDR1 and FR2, while 
CLC29 anneals to FR4 and part of the constant region. CLC30, a perfect 
complement to CLC29, and 2 primer LW20 amplified "38-17" to provide the 
correct constant region. 

In the second round, PCR products from pSYC1087 and "08-11" were 
melted, reannealed at the phoA-FRi junction, and extended to create a longer 
fragment that remains correct sequence up to CDR2. Products from "38-18" and 
'38-17" were melted, reannealed at the CLC29-20 junction, and extended to form 
a longer fragment, which contains sequence from CDR1 to the end of the constant 
region. Hie latter second round fragment carries the incorrect amino acid #43, 
alanine, from its parent "38-18% and is the source of the problem for the final 
extension step. Tne tw second round jmxtocts 

enccnmassing CDR1, ER2, and CDR2, and extend to potentially form the final 
phoA-huniarrized light chain product. Aproblen 



tenrolates for ammo acM lesm^ 

other, for alanine. Because at least half of the templates for to 
incorrect, the same proponSon of the fmalpion^ wffl also bear that oror. 

The PCR products were digested with gmdm and X^aiid were Kgated 
into a PBR322 based vector, smrilar to the one for the heavy cha^ 
KT3 tag sequence. Traiisfbnnants in MM294 were screened by colony PCR and 
by mLi4,xq, restriction analysis, and potential candidates were sequenced: Clone 
LW206 ttmtams the coirea phoA laoim^ 
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variable and constant region amino acid sequence for humanized "520C9-38" light 

Example ft 
Construction O f HiimanraH Fah 

Plasmid from hrnnanmut heavy chain in the phoA expression vector, 
pLW144, was cut with Nsil and Xhol and purified. Separately, a PCR reaction 
was performed, using clone LW206 as template, to add a Nsg site ahead of the 
phoA leader sequence. Restriction digest of the PCR product with MI and Xhol 
resulted in a fragment of approximately 800bp ready for cloning behind the heavy 
chain V gene. ligation and transformation (TLW170) into MM294 E. poli host 
resulted in a large number of insert-bearing clones. Clones TLW170-1 and 
TLW170-3 were sequenced and confirmed to contain correct phoA, heavy chain, 
the KT3 tag, and light chain sequences. 

Example 7 

Purification of Humanized 520C 9 E. Coli Exp ressed Fah 
One liter of cell culture E. coJi strain TLW170-1 was inoculated and 
induced for expression of the plasmid encoded proteins for about S hours. 

Low Phosphate Induction: 

A tube or flask containing Hi P medium [High Phosphate Medium (Hi P): 
= Low phosphate medium with 10 mM in KHjP0 4 was inoculated with a colony 
of the cells to be induced and grown at 30°C overnight on a shaker. Cells were 
collected by centrifugalion and washed 2X in equal volumes of Lo P medium 
[Low Phosphate Medium (Lo P): IX MOPS, 0.4% glucose, 0.15% vitamin free 
casamino acids (159), 2 jig/ml BI (thiamine), 0.1 mM KHjP0 4 , antibiotic 
(ampicillin, 50-100 fig/aS] and resuspended in low phosphate medium (10 
mis/tube). The cells were resuspended in the original volume in Lo P medium 
and then diluted 1:50 into fresh Lo P. The cells were incubated at 30°C for > 6 
hrs to overnight on a shaker. The cells should achieve a final A^ of 
approximately 1. 



WO 93/21319 



PCT/US93/03080 



26 

Cells were removed by centrifugation at 10,000 rpm for 30 min. and 
washed once in 50 ml of PBS/NaN 3 . They were stored at -2°C. 

The pellets were resuspended into FBS/NaN3, one pellet into 25 ml and the 
second pellet 40 ml. The first was refrazen at -20°C and thawed at 37°C a total 
5 of four times including the initial thaw. The second pellet, was sonicated four 
times of two minute duration. Both the freeze/thaw and sonication mixtures were 
centrifuged at 10,000 rpm for 30 minutes. 

The following samples were saved for analysis by El is A * A-cells in 
growth media, B-growth media from the first centrifugation, C-first centrifugation 

10 pellet PBS/NaN3 wash, D-fteeze/thaw pellet, E-freeze/thaw supernatant (25 ml), 
F-sonication pellet, and G-sonication supernatant (40 ml). . 

An SDS-PAGE nonreducing gel analysis was performed on samples A 
through G. Coomassie Blue staining indicated some Fab in samples A, I>, E, F, 
and G. A c-erbB-2 ELISA of fractions A through G indicate activity in A, D, E, 

15 F.andG. However, the activity in fraction E was found to be higher than G. 
Similar purification procedures performed on 520C9 (non-humanized) expressed in 
E. coH also found the highest level of and o-erbB-2 activity in fraction R 

To isolate Fab (containing the KT3 tagged H chain), a 2ml affinity column 
of Protein G Sepharose KT3 was washed with 3 column volumes of 0.1 M 

20 Na,C0 3 ,pH 10.5, and then a large volume of PBS/NaNj. A sample of each 
supernatant (20 ml of E and 35 ml of G) were separately passed over the same 
column. After the sample loading was complete the column was washed with 10 
ml of PBS/NaNj which was added to the flow-through volume. . The material 
bouiidtothecolmnnwaseitttediismg 10 mlofQ.lMNajCoi,pHlQ.5. The 

25 eluate was immerfiatrfy neutralized and the protein ccmceiitiarion determined using 
Pierce Coomassie reagent: the sonicated eluted material from sample gave a 
amcentration of 28 pg/ml and the freeze/thaw sample gave 7 /tg/ml. SDS-PAGE 
analysis of the starting material, the flow through, and the elnate, shows there is 
still a large amount of the Fab in the flow through of bom the tnxzeTthaw a^ 

30 sonicated procedures. 
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Example 8 

Renaturalion Studi es of Fah Pmduced in R f!n1i 
Renaturation of Fab produced in E. coli was successfully performed using 
procedures described in Buchner and RudohA, Bio/TechnoTnpy 9:157-162 (1991). 

5 Using conditions described as optimal by Buchner and Rudolph hnmanirarf 520C9 
Fab (TLW170-1) with binding activity to c-erbB-2 has been produced. 
Furthermore, activity in the crude extract was obtained in the absence of 
denaniration/renaruraiion for two versions of the hnmani7i»rf 520C9 Fab (from 
clones 170-1, 169-1). 

l{ > Methods 

E. opli were grown overnight in 25 mis of HiP medium. The cells were 
harvested by centrifugation (10 minutes, 6,000 rpm in two 15 ml tubes), washed 
once in low phosphate medium. The cells contained in 1 tube (equivalent to 12.5 
mis of the HiP medium) were used to inoculate the low phosphate culture, which 

5 was grown at 30°C for 7 hours. The cells were harvested by cerrtrifugation and 
combined into one 50 ml centrifuge tube. The cells were either frozen at -20°C 
overnight or treated with lysozyme. 

The freshly collected or thawed cells were resuspended in 50 mis of 0.1 M 
Tris CI, pH 7.8 containing 20 mM EDTA and 0.5 mg lysozyme/ml at room 

0 temperature for 1 hour. The lysed cells were centrifuged at 20,000 rpm for 25 
minutes and the supernatant stored ftozen untfl they wot assayed. Breakage was 
evident by the gel-like nature of the suspension. The pellets were washed with 50 
TMTmCl,m,coi*^2QmMmnA. Swricatkmof one batch was usedat 
this stage to break up the pellet and provide better extraction. 

5 The pellets were resuspended in 50 mM Tris CI, pH 7.8, coritaiiiing 1 % 

Triton X-100, 0.5 M NaCl, and 20 mM EDTA. The pellets were collected by 
canrifiigation and washed twice with 50 mM Tris a, pH 7.8, containing 20 mM 
EDTA. Tottednu^rjeUetswOTaa^O.l MTi^ 
guam(hMHa,0.3Mditlnothreto The suspension was 

E) vortexed occasionally at room temjwratore for 1 hour and 

centriragation at 40,000 rpm for 15-20 nimutes. The pellet was reextracted with a 
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smaller volume of denaturant in one experiment. 

The protein concentration was determined by Bradford analysis. SDS- 
PAGE was run on the samples with and without reduction to determine the purity 
and level of expression of lab. 

Renaturatipn was achieved by diluting the guamdine/PTE solution of Fab 
into 0.1 M Tris CI, pH 8.2, coiitaining 2 mM EDTA, 0.2 M I^arginjne, and 2 
mM oxidized gtotatmone. The final dilution of the Fab was 1:100, which 
produces a final concentration of 3 mM DTE in the redox system. The 
renaturation buffer was brought to U°G before dilution was made. 

Results and Discussion - 
Time Dep endence of Renaturation of Pellet F: 

A pellet (F) (see section VI for details), produced from 170-1 humanized 
520C9 Fab in E. cog was extracted with guanidine and DTE and renamred as 
described above. The total protein concentration in the reiiaturation buffer was 35 
and^^g/ml. Because the pellet during washing looked as if two layers were 
being separated during certrifugation, an attempt was inade to separate them, 
resulting in two fractions, SDS-PAGE analysis did not indicate any differences 
between the two fractions. 

To enable all of the assays to be done at once, dilution from the 
guamdme/DTE solution of Fab (store at xocmi temperature) were made ^ 
times and renaturation started at 11°C (lO'C was intended). Dilutions were 
irarormed by adding 100 pi of Fab/guanidine/DTE solution to 10 mis of 
reamnatiOT birfrer (which liad oeen stored m flie refiigqnldr)! After 86 hours of 
renaturation, the samples were all assayed at the same time. The staggered times 
of renaturation were 86, 74.5, 38.5, 16.5 and 0 hours of raatiinrioiL The buffer 
control produced no signal. Activity was detected m afl. samples. The best 
recovery of activity was seen with the longest time (if raiatirarion: Because no 
positive control was possible, the extent of the recovery of activity could not be 
ated. 

These samples were assayed agam about 3 days later. The activity was 
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again observed, but there was less difference between the shortest and longest 
times of renaturation. This was expected as all of the molecules reached the 
"plateau" region described by Buchner and Rudolph. 

These experiments demonstrate that renaturation of Fab produced in B. coli 
was possible and that the humanized version of 520C9 refolded and was active. 

Concentration of Time Dependence' Samples : 

About 6 days after the start of the renaturation studies, all the samples were 
pooled and concentrated on a stirred ultrafiltration device. The concentrate was 
stored at 4°C, and became cloudy. 

Renaturation nfMto F- 

Most of the guanidine/DTE solution of pellet F was left after the time 
dependence studies described above. Therefore, the remainder was diluted 1: 100 
into renaturation buffer and incubated at 1 1 °C. ELISA assays revealed activity. 



ofTLW170.l- 

The cells from 500 mis of medium induced for 7 hours at 30°C were 
treated whb lysozyme and the supernatant collected by camifugation. The pellet 
was extracted with 4 mis of giianidine/DTE. Because of the presence of DNA, 
the pellets resembled rubber before extraction. Bradford analysis showed that the 
amber colored 40,000 rpm supernatant coritained 3.2 mg of protein/ml. The 
protein was diluted into 340 ml of renaturation buffer and incubated at 11°C. C- 
erbB-2 binding activity was observed by ELISA. 

SDS-PAGE showed that little or no 50,000 MW Fab in the pellet was 
extracted by SDS sanrple buffer that did not contain reducing agent However, a 
strong band having a molecular weight of about 25,000 was obtained when the 
pellet was extracted with SDS in reducing agent 

A Murine Fahs- 

i 170-1 are two different versions of hnmamrpH 520C9 Fab; 46-1 
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K th em uri ne 520C9FabexpressedinE.^i. Extmctioa of the cells obtained 

concentrations (measured by Bradford assay) of 2.78, 3.81, and 5.22 mg/ml 
respectively. Extraction of the reniainmg pellet with an additional 0.75 ml of 
5 guamdrne^gaveconce^ntionsof 2.72, 1.92, and 3.32 mg/nil, respectively 
He total samples (1.75 ml) were diluted separately into n 5 mis of renaturati 0 „ 
bufferaiulir^batedatim fife^ 
samples. 

Extract of ttepe^ 
0 Fab produced by 169-1 and 170-1; however, the murine Fab 46-1 was 

sofcbffized. All three Fabs were solubilized by SDS containing reducxng agent. 

Isolation nf Pah- 

THe irdtially refolded Fab pellet, TLW 170-1 (which was concentrated to 
about 5 ml), developed some turbidity after concentration. A one ml sample was 
• ^^20mMTrisCl, P H 8 .3,ov^ gD tat4->C. The sample was 
centxirugedat ^000 x g for 30 mmirtes and me supenratam 
cbromatography using a Poros strong anion exchange column (0.5 ml fractions 
collected). ^tbesanrpfew^origh^ 
develc^tr*^ 

nonreducmgSDS-PA^geittel^Wiu^ 

By estirn^ttep^ 
ttey^ofFabwasdete^ 11* enti* sarnple was 

^ontothearu^excrran^ 

mMl«sClbuffer, P H 8 .3. — .^^b^^^ 

stem. A murine Fab generated by papain digestion was used to identify the 

relative chromatrwranh;^ *tnts~~ *i _. 

^ H ^ CT ^ analysis failed to show any 
FAbbandmanyofthepeafa, A* additional sample, however, showed good 
activity on the SKBr3 TON plate coat assay. 

T^botbnrurineandhmnanrzetf 
renatnred from giiamciine in a ^ redox system. 
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large samples of E. coU; expressing murine 520C9 (46-1) have been 
grown at lower temperate (23» and 27»C) to increase the amount of soluble 
Fab. A 10 liter sample was induced and grown at 27°C before the cells were 
collected. The periplasm* space was opened to release the soluble, secreted Fab 
» localized to the periplasmic space. This material contained active, soluble Fab as 
measured by SDS-PAGE and ELISA. The Fab obtained from the periplasm* ' 
space was concentrated and analyzed before „ was passed over a column of 
nnmobilizedc^ZextraceDular domain. The column was washed and then 
eluted with a high concentration of lid (3.5M). From one-tenth of the 
"periplasm^ Fab that was not retained 

by the c-erbB-2 column was not active when assayed by a SDS-PAGE western 
blot. 

Analysis of the murine 520C9 Fab (46-1) recovered torn the affinity 
chromatography column showed essentially the identical results when compared to 
aproteolyticaDyp^ 

it appears that the association «^of^recombtaFabisthesam e or ' 
nearly the same (within experimental error), as the Fab made from intact 520C9 
antibody produced in ascites cells. 



TBe purpose of tteseexjerinter* was to determine if l«rn*urfeed 520C9 
Fab expressed in & jag fa capable of Hading MrbB-2. 

TWx* set. of ttntoduced ^ a ^ ^^^^ 
^^^(■"■^were™^^^^ 

wa.p.obed^c^BCMRP. Bawtta*.,,,, 

conjugated 10 an antibody specific forc-erbB-2 (Nu2) ECD, an extracellular 

SF9 insect c&Ds (fte No2 construct has tbe 1PPPEFBT polypeptide si 
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replacing the transmembrane domain of c-eibB-3. A number of nonspecific bands 
developed in both uninduced and induced lanes. One additional band with near the 
expected.mobflity for Fab may have developed only in the induced lanes, but was 
so close to another nonspecific band that it could be seen only as a widening of the 
lane. 

Fab fragment generated from non-specific human IgG was bound directly 
to PVC microliter wells and probed with Zymed" goat anti-human antibody. 
Some signal was seen, but the signal was weak at the probe dilution used on the 
humanized Fab samples. 

To avoid the tincertainties of using the ^ goat ami-human probe, an ELBA 
was performed using wells coated with SK-Br-3 TNN cell extract, this extract is a 
source of ceU expressed c-eroB-2 that does not bear the KT3 tag peptide. The 
presence of E. coK produced Fab bound to the cell extract was detected with KT3- 
HRP. Aieassayofliumamze<lFabsa^ 

various fraricTO, with to Active 
Fab could not be nuamitated in absolute terms for lack of a purified standard. 

Refolded samples amtammg humanized 520C9 Fab were assayed with the 
SK-Br-3 TNN/KT3-HRP BUS A. Samples showed over a ten-fold increase in 
activity that occurred after 86 hours of refolding. 

The refolded samples were reassayed with the same ELBA after an 
additional three days refolding time. Some further inciease m activity was seen, 
buttbe ELBA curves flattened. Some samples refolded for longer times showed 
lessactmty; tins could ha^^ 

causes- Samples from humanized clones 169-1 and 170-1 were active. 

Humanized 520C9 Fab from both dpnes (169-1 aiid 170-1) is active. 
Refolding can increase activity more than- 10- fold. 



On March 24, 1992, Applicants have deposited with the American Type 
Culture CoDection, RockviBe, Md., TJSA (ATCQ the plasmid pLWI87, described 
30 ta^ATCCaoession no. 68942. Thisdepc^t was n^ unto the provisions 
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of the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the purposes of patent procedure and the Regulations 
thereunder (Budapest Treaty). This assures maintenance of a viable culture for 30 
years from date of deposit The organisms will be made available by ATCC 
under the terms of the Budapest Treaty, and subject to an agreement between 
Applicants and ATCC whit* assures unrestricted availability upon issuance of the 
pertinent U.S. patent. Availability of the deposited stxairis fa n« to be construed 
as a license to practice the invention in contravention of the rights granted under 
the authority of any government in accordance with hs patent laws. 



All publications and patents mentioned in the above specification are herein 
incorporated by reference. The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice tte invention. Indeed, various 
modifications of the above^escribed mooes for carrying out the invention which 
are obvious to those skilled in the field of molecular biology or related fields are 
intended to be within the scope of the foBowmg claims. 
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WE CLAIM: 



1. An immimoglobulin comprising, a humanized variable region, 
wherein said variable region is a member of a functional pair of variable regions 
specific for binding to c-erbR-2. 

2. An immunoglobulin according to claim 1 , said immunoglobulin 
farther coinprising, at least a portion of a human ininiunoglobulm constant region. 

3. An immunoglobulin according to claim 2, wherein said constant 
region is a complete constant region. 

4. An immunoglobulin according to claim 2 ; wherein said humanized 
variable region and said constant region are of the same chain type. 

5. Animmniioglobiilmaccordm^ 



6. AniminnMglobulmaccordmgto 
light chain. 



7. An immunoglobulin molecule according to claim 1, wherein said 
inimmtogtotarin further comprises in operable combination, a leader sequence. 

8. Anmmnmogtotarkac^^ 

further coinprising in operable combination, an oligopeptide tag, wherein said tag 
is joined to said constant region. 



9. Aimilti^lypeptideiimTO 



immunoglobulin according to claim 1 
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10. A multi-polypeptide immunoglobulin according to claim 9, 
comprising in operable combination, 



a) 



a first immunoglobulin molecule comprising, a first humanized 
variable region, wherein said variable region is a member of a 
functional pair specific for c-erbB-2, and 
a second immunoglobulin molecule comprising, a second humanized 
variable region, wherein said second variable region is a member 
of the same functional pair as said first immunoglobulin variable 



H. A multHwlypeptide immunoglobulin according to claim 10, wherein 
aid first k^unoglobuliu molecule further comprises a first constant region, and 
*«d second immunoglobulin molecule further comprises a second constant region. 

12. A multi-polypeptide immunoglobulin according to claim 11 wherein 
smd first constmt region of said isabeavy chain amstam region, and said sec^ 
constat region is „ flgb, c 



same chain class. 



14. A.nuM-^lvj*^ 
aggre^furito 



15. A multi-polypeptide immunoglobnlin according to claim 14, wherein 
d therapeutic moiety is selected fmm the 
radionucHdes, radicn^ in^ enzymes, drug,, and prongs 
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16. A nucleotide sequence, said nucleotide sequence encoding a first 
humanized variable region sequence, wherein said variable region is a member of 
a functional pair specific for c-eibB-2. 

17. A nucleotide sequence according to chum 16, said sequence further 
comprising at least a portion of a human constant region: 

18. An expression vector, said vector comprising in operable 
coiruanatitm, a promoter seojieiice, ope^ 

according to claim 16. 

19. A nucleotide sequem* comprising a fim iiucleotide sequence 
according to claim 16, a second nucleotide sequence according to claim 16, 
wherein when the variable regions encoded by said nucleotide sequences of form a 
functional pair specific for c-erbB-2. 



20. A therapentic composition comprising, an effective amount of a 
multi-polypeptide iniiriunoglobium according to ct^ 

21. A cell transformed with a vector according to claim 18. 

22. A method of detecting carcinoma cells, said method comprising the 
step of, administering a compound according to claim 1 to a patient 

23. A method of treating a cancer patient, said method comprising the 
step of administering a coiniKmnd according io dam 
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if nu a C x?^ ET F NUCLEOTIDE SEQUENCE OF 
IUMANIZED ANTI-erbB2 520C9 Fab LW218 (H.28;L.38J 




• Si 

»oi 

•31 

ioei" 
xosa 

USX 

aaoi 

i»3» 
1*S» 

»«oi 
»«si 



ccooaaacc* aataoatcca tccac^x 
tccactccca eieti^ce, tactctttac 

TCCAOATOAC CCAOTcwc* TCCTCCCTOT 
OTCACCXTCA 



AAACTCAAAC AAACCAc:„, 
CCCTCTCACA XM^cexcX 



CCMTTT»eX ITCTOOCOTC CC*TCXX«„ 



i ■ CA6TCT6 

A*AT*ACTOT CIXCVXIAM CTXTTTTTCC 

CW ° WW * 0*^*A*COA XCTOTOOCTO 

CCOCCATCTO ATOAOCAOT* .AAAXCTQO* 

OCTCAATAAC TTCTACCCCA CACACCCCAA 

*COCCCTCCA A»COOOTAAC TCCCAOOAOA 

AAOOACAOCA CCTACAOCCT CAOCAO^^ACC 



ATTOCTAATA 

ccttcctcatc tacocucxt 
TCACXCCAAC YCCATCTCCQ 

caccctcaao XTAxrecAxe 
°**e»e«T*c occcaaccca 



ACTACAOTOO AAOCTCOATA 



CTOACQCTCA OCAAACCACA 
*OTCACCCAT CACOCCCTCA 
CACACTCTTA ATCTCCACCC 
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PRIMERS FOR INTRODUCING ANTIBODY SEQUENCES 
INTO A pBR BASED EXPRESSION VECTOR 



V/ P»»A promoter 
»rxJ loader 




cut phoA-HC PCR product with 
Hindlll&Spel for ligation with 
expression vector 



cut phoA-LC PCR product with 
Hindlll & Xhol for ligation with 
expression vector 
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